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SUMMARY 
I n  space f l i g h t ,  t he  t a r g e t  vehic le  i n  a rendezvous maneuver might ca r ry  
a high i n t e n s i t y  bl inking l i g h t  as a marker and navigation a i d  f o r  the  chase 
vehicle .  The present  study w a s  made t o  determine the  a b i l i t y  of subjec ts  t o  
measure the  angle between a simulated star and a bl inking poin t  of l i g h t  of 
the  same magnitude as the  star.  
The subjec ts  were e igh t  male jun ior  college s tudents  with normal v i sua l  
acu i ty  (Snellen 20/20). Four were pre t ra ined  on the  task and four  were 
t r a ined  using as t a r g e t s  a simulated star and a steady l i g h t .  
The bl inking l i g h t  w a s  given th ree  l eve l s  of frequency (1/2> 1, and 
3 / 2  cps)  and three  l e v e l s  of on-time (5 ,  10, and 20 pe rcen t ) ,  making poss ib le  
nine experimental conditions.  Two steady stars were used as a cont ro l .  A 
P l a th  micrometer marine sex tan t  w a s  used t o  measure the  angle by star super- 
pos i t i on .  There w a s  no r e l a t i v e  motion between the  two t a r g e t s .  The sex tan t  
w a s  mounted and did not need t o  be supported by the  subjec t .  The angle w a s  
measured with a d i g i t a l  encoder a t tached t o  the  sex tan t  vern ier  shaft. Per-  
formance decreased a t  the  sho r t e r  on-times, i n  terms of l a r g e r  v a r i a b i l i t y  
i n  measured angle, and a t  the  lower f requencies , in  terms of longer s igh t ing  
time. 
INTRODUCTION 
Many inves t iga t ions  have been made of t he  p o t e n t i a l  accuracy of a sex tan t  
and the  problems associated with i t s  use i n  space navigation ( r e f s .  1 - 4 ) .  
navigator might use a sextant  i n  an o r b i t a l  rendezvous task f o r  measuring the  
angle between the  l i n e s  of s i g h t  t o  a known star and an o rb i t i ng  space vehicle.  
I n  order t o  measure t h i s  angle,  he would superpose the  star and t h e  l i g h t  on 
the  t a r g e t  vehicle  within t h e  f i e l d  of view of t h e  sex tan t  telescope, and read 
the  angle from the  limb and ve rn ie r  of the  sex tan t .  
A 
To assure v i s u a l  detect ion,  t h e  l i g h t  on the  t a r g e t  vehicle  w i l l  probably 
be a bl inking l i g h t ,  f o r  t he  b l ink ing  of a l i g h t  appears t o  be an exce l len t  
a i d  i n  detect ing a t a r g e t  (refs. 5-8).  The e f fec t iveness  of a b l ink ing  l i g h t  
I 
as a sex tan t  s igh t ing  t a r g e t ,  however, has not been determined. The 
requirements f o r  t h e  two tasks ,  t a r g e t  de t ec t ion  and sex tan t  angle measurement 
s igh t ing ,  may w e l l  be incompatible. 
The accuracy of a sex tan t  f o r  measuring t h e  angle  between a simulated 
star and a b l ink ing  l i g h t  w a s  assessed i n  t h i s  inves t iga t ion .  The b l ink  rates 
and on-times of t h e  b l ink ing  l i g h t  were se l ec t ed  t o  be near optimum ( re fs .  6-8) 
f o r  v i s u a l  d e t e c t a b i l i t y .  
l i g h t  and t h e  star were not included i n  t h i s  laboratory s imulat ion.  
Line of s i g h t  angular r a t e s  between t h e  bl inking 
The two c r i t e r i a  of performance i n  t h e  s igh t ing  t a s k  w e r e  (1) t h e  s t an -  
dard devia t ion  of t h e  measured angle  and ( 2 )  t h e  time required t o  perform the  
measurement t a s k .  The study w a s  designed s p e c i f i c a l l y  t o  inves t iga te  the  
following : 
1. The e f f e c t  of "on-time" of t h e  b l ink ing  l i g h t  on performance 
(wi th in  a r e s t r i c t e d  se l ec t ion  of on-times: 5 ,  10, and 20 pe r -  
cent  of t h e  period of t he  b l ink ing  l i g h t ) .  
2. The e f f e c t  of frequency of t h e  b l ink ing  l i g h t  on performance 
(wi th in  a r e s t r i c t e d  se l ec t ion  of f requencies:  
1, and 1-1/2 c p s ) .  
1/2, 
3. The differences i n  group performance when one group i s  t r a ined  
using two steady l i g h t s  and t h e  other  i s  t r a ined  using a steady 
l i g h t  and a b l ink ing  l i g h t .  
4. Sextant s igh t ing  performance i n  measuring t h e  angle between two 
po in t  sources of l i g h t  when one of t h e  l i g h t s  b l inks  i n  a reg-  
u l a r  fashion.  
The on-time of t h e  b l ink ing  l i g h t  refers t o  the percent  of t h e  per iod 
during which the  l i g h t  w a s  v i s i b l e .  A 5-percent on-time and a 1-cps f r e -  
quency would mean t h a t  t h e  l i g h t  w a s  on f o r  0.05 second and of f  f o r  0.95 sec-  
ond, t he  per iod being 1 second. 
Both l i g h t s  used i n  the  study w e r e  coll imated po in t  sources which 
appeared as stars a t  i n f i n i t e  d i s tance .  A s h u t t e r  mechanism placed i n  f r o n t  
of one of these  provided t h e  bl inking l i g h t .  A high i n t e n s i t y  l i g h t  on a tar-  
g e t  vehicle  a t  some d is tance  would f i rs t  appear as a poin t  source, t h a t  is, 
as a "star. 
EXPERIMFlNTAL PROCEDURF: 
Test  Apparatus and the  Sight ing Task 
Figure 1 is  an a r t i s t ' s  rendi t ion  of t h e  t e s t i n g  room and t h e  experimen- 
t a l  equipment. Figure 2 shows the  s igh t ing  s t a t i o n ,  which cons i s t s  of a cha i r  
f o r  sea t ing  t h e  subjec t  and a gimbal-supported sex tan t .  In  t h e  foreground i s  
shown t h e  observer ' s  s t a t i o n  with t h e  mechanism used t o  record t h e  measured 
2 
values .  The sextant  w a s  a P la th  micrometer marine sextant  with a telescope 
with a magnifying power of 6 and a 30 mm object ive lens .  
The sextant  w a s  mounted on gimbal supports t o  provide two angular degrees 
of freedom of motion. 
ro t a t ed  about the  mirror ax is  i n  the  measurement plane,  while the e n t i r e  sex- 
t a n t  could be ro ta ted  about t h e  primary l i n e  of s i g h t  i n  order t o  osculate  t he  
two t a r g e t  images ( see  f i g .  3 ) .  The o r i en ta t ion  of the  primary l i n e  of s i g h t  
w a s  r i g i d l y  f ixed  by the  o r i en ta t ion  of t he  gimbal supports.  
measured angle between the  star and bl inking l i g h t ,  t he  subject  actuated a 
pushbutton which caused the  output of a d i g i t a l  s h a f t  encoder t o  be recorded. 
The encoder ( f i g .  4) w a s  a t tached t o  the  sex tan t  vern ier  cont ro l  ax i s  so t h a t  
t he  encoder s h a f t  r e f l ec t ed  the  r o t a t i o n a l  pos i t i on  of the  vern ier  knob. The 
vern ier  knob makes one revolut ion per  degree of angle.  Since the  encoder 
makes 3600 counts i n  one revolution, t he  readout reso lu t ion  can be 1 second of 
a r c  provided there  a r e  no slippages or other  mechanical anomalies. In  an 
empir ical  t e s t  of the  f i d e l i t y  of the  readout associated with an e a r l i e r  study, 
experimental subjects  wereasked t o  v i sua l ly  s e t  t he  sex tan t  vern ier  as p re -  
c i s e l y  as they could a t  the  0 and 30 minute f i d u c i a l  l i n e s .  For each of these  
se t t i ngs  the  value indicated by the  encoder w a s  recorded. The pos i t i on  of the  
sub jec t ' s  head w a s  r i g i d l y  maintained a t  a l l  times during the  s e t t i n g s .  All 
subjec ts  had 20120 vis ion .  The standard deviat ion of t he  encoder readout f o r  
both pos i t ions  w a s  1 . 3  seconds of a r c  and the  standard e r r o r  of sigma f o r  both 
w a s  0.05 second of a r c .  These values a r e  based upon TOO se t t i ngs  d i s t r ibu ted  
among 12  subjec ts .  
The secondary l i n e  of s i g h t  (index mirror)  could be 
To record the  
The experimenter recorded the  time required t o  complete each s e r i e s  of 
16 s ight ings .  
i n  the  ana lys i s  of t he  r e s u l t s  of the study. 
This time t o  complete 16 s ight ings  i s  the "sighting time" used 
The s ight ing  t a r g e t s  ( f i g .  5 )  were two collimated poin t  l i g h t  sources. 
Each source consisted of a parabol ic  mirror mounted a t  the  end of a s t e e l  tube 
with a l i g h t  source located a t  the mir ror ' s  f o c a l  po in t .  The l i g h t  source w a s  
a grain-of-wheat lamp enclosed within a metal  capsule with a 0.0005-inch hole 
point ing a t  the  mirror .  Both t a r g e t s  simulated t h i r d  magnitude stars. 
The upper coll imated t a r g e t  of f i gu re  5 had a s h u t t e r  mechanism (Neff 
In  t h i s  f i gu re  the  s h u t t e r  aper ture  i s  
shu t t e r ,  r e f .  9 )  a t tached t o  the  f r o n t  of t he  tube.  Deta i l s  of t h i s  s h u t t e r  
mechanism may be seen i n  f igu re  6.  
closed and i s  located i n  the  lower ha l f  of t he  mechanism. The pro jec t ion  i n  
the  top ha l f  of the  mechanism contained a solenoid f o r  ac t iva t ing  the  s h u t t e r  
which w a s  a d isk  of metal .  
Figure 7 i s  a photograph of a cathode ray tube face with two e l ec t ron ic  
t r a c e s  t h a t  show the  in t e r rup t ion  c h a r a c t e r i s t i c s  of t he  bl inking l i g h t  ta rge t .  
The cha rac t e r i s t i c s  shown a r e  f o r  a b l i n k  r a t e  of 1.5 cps and a 20-percent 
on-time. In  t h i s  f i gu re ,  time i s  represented on the  hor izonta l  s ca l e  with 
each major d iv is ion  represent ing 0 .1  second of time. 
t h e  lower t r a c e  ind ica tes  t h e  per iod of voltage appl ica t ion  t o  the  solenoid; 
t he  r a i sed  por t ion  of t h e  upper t r a c e  ind ica tes  t h e  per iod of exc i t a t ion  of a 
l i g h t  sensor due t o  i t s  having received l i g h t  through t h e  shu t t e r .  It may be 
The r a i sed  por t ion  of 
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noted t h a t  a l a g  ex i s t ed  between the  time t h e  vol tage w a s  impressed upon and 
removed from the  s h u t t e r  solenoid and the  time a t  which t h e  l i g h t  sensor 
responded; however, t h i s  l a g  remained constant f o r  a l l  experimental condi t ions.  
The marine sex tan t  i s  a r e l a t i v e l y  simple o p t i c a l  device which may be 
used t o  measure t h e  angle between the  l i n e s  of s i g h t  t o  any two poin ts  of 
i n t e r e s t .  I ts  use is  described i n  standard t e x t s  on marine navigation 
(refs. 10 and 11). 
a star and a b l ink ing  l i g h t  placed on an o rb i t i ng  space vehicle ,  such as t h e  
Apollo command and serv ice  module. 
moon, e t c . )  on t h e  horizon as i n  marine navigation s ight ings ,  t h e  poin t  source 
(s tar)  i s  osculated on another po in t  source. The t a s k  i n  t h i s  laboratory set-  
t i n g  is  f u r t h e r  modified by the  el iminat ion of search, the  el iminat ion of t h e  
i n i t i a l  gross s e t t i n g ,  and the  el iminat ion of hand tremor. In  shor t ,  t he  t a s k  
w a s  s implif ied t o  the  f i n a l  v i s u a l  aspects ,  oscula t ion  and f i n e  s e t t i n g ,  of 
t he  vern ier .  The reduct ion of t h e  s igh t ing  t a s k  t o  what i s  f e l t  t o  be i t s  
c r u c i a l  elements by p lac ing  it i n  a labora tory  s e t t i n g  i s  f o r  purposes of 
c l e a r  de l inea t ion  and cont ro l  of independent va r i ab le s  and the  measurement of 
dependent var iab les .  
The angle of i n t e r e s t  f o r  t h e  present  study is  t h a t  between 
Instead of osculat ing t h e  t a r g e t  (star, 
Experimental Design 
A 2 x 3 x 3 f a c t o r i a l  design w a s  used (Lindquist  Ty-pe V I  ana lys i s  of 
variance,  r e f .  1 2 ) .  The f ac to r s  were two l e v e l s  of t r a in ing ,  th ree  l e v e l s  of 
on-time,and th ree  l e v e l s  of frequency. In  addi t ion ,  a mult iple  comparison 
t e s t  w a s  made i n  which the  nine conditions of frequency and on-time ( t r a i n i n g  
conditions combined) were compared with a con t ro l  condition (Dunnett 's m u l -  
t i p l e  comparisons with a control ,  r e f .  13 ) .  The con t ro l  condition consis ted 
of measuring the  angle between a simulated star and a s teady l i g h t .  
y s i s  of variance appl ies  t o  study questions (l), ( 2 ) ,  and (3)  ( see  Introduc- 
t i o n ) ,  and t o  the  poss ib le  in t e rac t ion  e f f e c t s  of t r a in ing ,  on-time, and 
frequency should such e x i s t .  Anal- 
yses were ca r r i ed  out f o r  both c r i t e r i o n  measures - time scores and standard 
deviat ions.  Diagrammatically, t he  experiment appeared as follows: 
The ana l -  
Dunnett 's t es t  appl ies  t o  question ( 4 ) .  
O n - t i m e  On- t ime 
5 % I 0 % 20% 5% IO % 2 0 % 
Frequency, 
CPS 
.5 
I .o 
I .5 
GP I 
Pre- t ra in ing on bllnklng light 
GP I1 
Pre- t ra in ing on steady l ight 
Scores 
Steady l i g h t  
b o t h  groups 
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. 
The primary dependent var iab le  w a s  t h e  standard deviat ion about t h e  mean 
of t he  subjec t ' s  s ighted angles .  Each subjec t  took 16 s ight ings  under each of 
the  10 experimental condi t ions.  For each of these  10 conditions a mean and 
standard deviat ion were computed. The standard deviati,on w a s  used as the  sub- 
j e c t ' s  score f o r  a p a r t i c u l a r  condition. The t r u e  angle between the  simulated 
star and the  bl inking l i g h t  w a s  not  known any more accurately than the  sub- 
j e c t  measured it with the  sex tan t .  Therefore, it w a s  not poss ib le  t o  score 
each subject  according t o  t h e  discrepancy between h i s  mean s ighted angle and 
the  a c t u a l  angle.  The standard deviat ion i s  a v a l i d  measure of t he  consis-  
tency with which t h e  subjec t  made h i s  s ight ings,  so it i s  an indicant  of t he  
r e l i a b i l i t y  of t he  s igh t ings  . 
Time scores were a l s o  recorded f o r  each subject  i n  each of t he  9 condi- 
t i o n s  and the  con t ro l  condition. Speed w a s  not s t ressed;  t he  subjec ts  were 
told t o  take a l l  t h e  time they needed but  t o  continue uninterruptedly through 
the  16 s ight ings.  
posted d a i l y  f o r  t he  subjec ts  t o  see how they were performing, t he  time scores 
were not revealed. This w a s  done t o  emphasize the  importance of accuracy and 
t o  de -emphasize speed. 
Though t h e  standard deviat ions of t he  s ighted angles were 
Subject Select ion and Preparat ion 
Eight male subjec ts  were se lec ted  from the  s tudents  a t  a l o c a l  jun ior  
Only those individuals  who achieved a 20/20 Snellen equivalent 
college on the  b a s i s  of v i s ion  t e s t s  using the  Bausch and Lomb Orthorater 
( r e f .  1 4 ) .  
score were accepted. None had had p r i o r  experience with t h i s  t a sk .  
The t r a in ing  given the  subjects  w a s  f o r  the  purpose of d i f f e r e n t i a t i n g  
the  two groups i n  terms of p r i o r  experience with e i t h e r  a b l ink ing  l i g h t  or a 
steady l i g h t .  The use of the  marine sextant  requires  some t r a i n i n g  ( r e f .  2 )  
conventionally; however, i n  t h i s  study the  sextant  w a s  mounted so  t h a t  i t s  
operation w a s  s implif ied.  Thus i n i t i a l  performance w a s  not  expected t o  
improve subs t an t i a l ly  with increasing experience. 
The subjects  were randomly divided i n t o  two groups of 4 subjec ts  each. 
Both groups had an equal number of t r a i n i n g  sessions.  All t r a ined  f o r  8 days, 
3 conditions p e r  day, 16 s ight ings  pe r  condition. 
groups d i f fe red ,  however, i n  t h a t  Group I used the  b l ink ing  l i g h t  and Group I1 
used the  steady l i g h t .  Group I t r a ined  on a l l  t he  9 conditions of frequency 
and on-time represented by the  experiment which followed. Since the re  w a s  a 
t o t a l  of 24 sessions (15 during the  f i rs t  week, 9 during the  second), each 
condition w a s  sampled a t  l e a s t  twice; those sampled 3 times were randomly 
se lec ted  from the  9 condi t ions.  
The t r a i n i n g  of t he  two 
During the  5-day t e s t  per iod a l l  subjects  s ighted under the  10 condi t ions.  
Each subject  s ighted 2 conditions per  day with the  order of presenta t ion  of 
t he  conditions randomly determined. 
condition. The subjec ts  r e s t ed  about 30 minutes between each condition. 
Again, 16 s ight ings  were taken under each 
5 
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RESULTS AND DISCUSSION 
Training 
Figure 8 shows the mean standard deviation (0) chronologically for each 
group through the 8 days of training and the 5 days of the experiment. 
Group I, which trained on the blinking light, was poorer than Group I1 during 
the training sessions, but equalled or excelled Group I1 during the testing 
sessions. As shown below in the analysis of variance, training made no sig- 
nificant difference between the two groups in sighting performance for the 
conditions of the test. 
Test Results 
Two sets of test scores (days 9-13) were available for the statistical 
evaluation of the results. 
ject under each condition, and the other was a time score for each subject 
under each condition. Identical analyses were carried out for both IS and 
time scores as follows: 
One was the standard deviation (IS) for each sub- 
1. An analysis of variance (Lindquist Type VI, ref. 12) was 
performed to evaluate the main and possible interaction 
effects of frequency, on-time, and subject pretraining; 
this involved 18 experimental combinations. 
2. The control (steady light) condition was compared with 
the 9 blinking light conditions (Dunnett ' s multiple 
test for comparison with a control). Since the same 
group performed in each of the conditions, the variance 
estimate used here for Dunnett's test was calculated 
from the interaction term in the basic treatments by 
subject's design (refs. 12 and 13). 
These analyses correspond to the study questions outlined in the Intro- 
duction. The first refers to questions 1, 2, and 3, the second refers to 
question 4. For the statistical analyses in this study 0.05 is taken as the 
confidence level required for significant effects. 
Figure 9 and table I support the following statements: 
1. Performance appeared best for the 20 percent on-time but 
on-time did not have a statistically significant effect. 
2. Frequency appeared to have no regular effect upon performance. 
3. The differences in training caused no difference in perfor- 
mance of the two groups. 
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4. None of t he  simple in t e rac t ion  terms are s i g n i f i c a n t  
(OF, OT, FT, t a b l e  I) .  
OFT i s  s i g n i f i c a n t ,  which means t h a t  t r a i n i n g  i n t e r -  
ac ted  d i f f e r e n t l y  with on-time than it did  w i t h  f r e -  
quency. This r e s u l t  appears t o  be of dubious p r a c t i c a l  
s ign i f icance .  
The t r i p l e  i n t e rac t ion  term 
Figure 10 shows t h e  r e s u l t s  of t he  mult iple  comparisons t e s t  f o r  t h e  mean 
standard deviat ions.  
a l l  other  do (a t  
X)-percent on-time conditions,  f o r  a l l  values of frequency, d id  not  d i f f e r  
from t h e  normal or steady l i g h t  condi t ion.  Performance f o r  a l l  other  com- 
b ina t ions  of frequency and on-time w a s ,  however, poorer.  If on-time can be 
cont ro l led ,  it ought not be below 20 percent  and an even higher value might be 
advisable .  
Conditions 3, 6, and 9 do not d i f f e r  from t h e  control ;  
p < 0.05 level): This ind ica tes  t h a t  performance f o r  t he  
Generally, it may be s t a t e d  t h a t  on-time i s  c r i t i c a l  where r e l i a b i l i t y  
of performance (s tandard devia t ion)  i s  important. Frequency, however, i s  
important when t h e  time taken t o  acquire  a s e t  of s igh t ings  i s  important. The 
next ana lys i s  i s  based on these  s igh t ing  times. 
The time scores  taken during the  t e s t  w e r e  subjected t o  t h e  s a m e  two 
analyses as t h e  standard deviat ions:  t he  ana lys i s  of variance and the  mul- 
t i p l e  comparisons t e s t .  
and t a b l e  11): 
The r e s u l t s  may be s t a t e d  as follows (see f i g .  11 
1. The on-time of t h e  l i g h t  d id  not a f f e c t  s igh t ing  time. 
2. Performance evaluated i n  t e r m s  of "time t o  s i g h t "  i s  
s e n s i t i v e  t o  frequency changes. 
time) f o r  t he  higher  frequencies and de te r io ra t e s  
p r a c t i c a l l y  monotonically with decreasing frequency. 
It i s  b e s t  ( leas t  
3. Training makes no d i f fe rence  i n  time t o  complete a 
s igh t  ing . 
4. None of t he  i n t e r a c t i o n  terms are s i g n i f i c a n t .  
Figure 12 shows t h e  resu l t s  of t h e  mult iple  comparisons t e s t  f o r  themean time 
scores .  Those poin ts  which are underscored ( a l l  conditions except 1, 2, and 
3)  are not  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  con t ro l  condition (condi t ion 10, 
t h e  steady l i g h t ) .  
times, i s  s i g n i f i c a n t l y  poorer than under the  con t ro l  condition. There w a s  
considerably more v a r i a b i l i t y  i n  t h e  da ta  f o r  s igh t ing  time than i n  t h e  da ta  
f o r  t h e  standard deviat ion.  
Performance under t h e  1/2 cps condition, a t  a l l  t h ree  on- 
Figure 13 shows t h e  mean angle  s igh ted  by condition for a l l  8 subjec ts .  
There is no apparent d i f fe rence  and an ana lys i s  of var iance (using t h e  mean 
angle as t h e  c r i t e r i o n  va r i ab le )  confirmed t h i s .  
7 
I , , . . , ,, , , ,,. ,,...- , . . ... . 
Both the  standard deviations and t h e  s igh t ing  time scores were from 
skewed d i s t r ibu t ions .  
t he  shapes of t he  d i s t r ibu t ions ,  bu t  t h e  analyses of variance car r ied  out 
using these transformed scores did not d i f f e r  from those f o r  t he  o r i g i n a l  
scores .  
Both scores were appropriately transformed t o  normalize 
It i s  not ye t  known what standard deviat ions or  s igh t ing  times w i l l  be 
required f o r  success i n  spec i f i c  missions. I n  t h e  present  t e s t s ,  t he  l a r g e s t  
decrement noted f o r  t he  mean standard deviat ion i s  between t h e  steady condi- 
t i o n  (cont ro l )  and condition 2 (1/2 cps and 10-percent on-time). This i s  
about 0.1 minute o r  6 seconds of a r c  ( f i g .  10). Is t h i s  important f o r  accu- 
r a t e  navigation? This study cannot answer t h a t  question. It can only con- 
clude, with a confidence r e f l ec t ed  by t h e  associated p robab i l i t y  f igures ,  t h a t  
t h e  e f f e c t s  noted are associated with the  experimental conditions which did 
not incorporate r e l a t i v e  movement between t h e  star and bl inking l i g h t .  
Results of t h i s  study regarding the  vern ier  adjustment f o r  t he  angle 
between a simulated star and a bl inking l i g h t  (no r e l a t i v e  motion between the  
two t a r g e t s )  
1. 
2. 
3.  
4. 
ind ica te  t h a t :  
The r e l i a b i l i t y  (consistency, v a r i a b i l i t y )  of s ight ing 
performance w a s  adversely a f f ec t ed  by bl inking l i g h t  
on-times below 20 percent of t he  per iod.  
The average time taken t o  complete a s ight ing  session 
(16 angle measurements) increased considerably as t h e  
frequency of t he  bl inking l i g h t  decreased from 1 t o  
1/2 cps. 
The mean measured angle w a s  e s s e n t i a l l y  constant f o r  
a l l  experimental conditions. 
Caution should be exercised i n  se l ec t ing  a t a r g e t  
f o r  a s ight ing t a sk  when a steady l i g h t  cannot be 
used, s ince performance always appeared poorer with 
the  bl inking l i g h t .  
Ames Research Center 
National Aeronautics and Space Administration 
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TABI;E I.- INALYSIS OF VARIANCE EWED UPON STANDARD DEVIATION 
Source bf 
variance 
Between subjects  
T ( t r a i n i n g )  
e between 
Within subjects  
o (on-time) 
F (frequency) 
OF 
OT 
FT 
OFT 
- ..  - -~ _ -  
e (within)  
e 1 (w) 
e 2 (w) 
e 3 (w) 
- -  - ~- 
Degrees of 
freedom 
7 
1 
6 
64 
2 
2 
4 
2 
2 
4 
48 
12 
12 
24 
._ - -  
~ _ _ _  
sum of 
squares 
0.155 
.016 
* 139 
-375 
.031 
~~ 
.001 
.008 
.003 
.009 
- 059 
.264 
.082 
.071 
.110 
~~ . . .. 
Mean 
s quare 
0.022 
.016 
.023 
.006 
.016 
.001 
.002 
.002 
.005 
.015 
.006 
* 007 
.006 
.005 
F 
r a t i o  
0.696 
2.29 
.167 
.400 
,286 
-833 
3 .oo 
Probabi l i ty  
N o t  s i gn i f i can t  
Not s ign i f i can t  
< 0.05 
11 
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TABLE 11.- ANALYSIS OF VARIANCE BASED UPON TIME SCORl3S 
source-of 
variance 
Between subjec ts  
T ( t r a i n i n g )  
e between 
Within subjec ts  
o (on-time) 
F (frequency) 
OF 
OT 
FT 
O F T  
e (wi th in)  
e 1 (w) 
e 2 (w)  
e 3 (w) 
- 
Degrees of 
freedom 
_ _  
7 
1 
6 
64 
2 
2 
4 
4 
2 
4 
48 
12 
12 
24 
sum of 
squares 
- 
475.87 
13.01 
462.86 
447.17 
15.44 
139.66 
32 -75 
28.06 
24.63 
22.34 
184.29 
60.48 
49.28 
74.53 
_-- -- - .  
.~ 
Mean 
square 
67.98 
13.01 
77-14 
6.98 
7 *72 
69.83 
8.18 
14.03 
12.31 
5.58 
3.83 
5.04 
4.10 
3.10 
-- -I 
F 
r a t i o  
0.16 
1-53 
17 -03 
2.63 
2.78 
3.00 
1.80 
. -
... ~ .~ ~ - 
Probabi l i ty  
. .  - 
Not s i g n i f i c a n t  
Not s i g n i f i c a n t  
< 0.001 
Not s i g n i f i c a n t  
12 
/ \ 
I 
Figure 1.- Sketch of equipment location f o r  the investigation. 
P 
W 
A-34698 
Figure 2.- Photograph of the sighting station (background) and experimenter's 
station (foreground) . 
14 
A-31761 
P 
ui Figure 3.- Photograph of  t h e  P la th  marine sextant  removed from the  gimbal mounting and sha f t  encoder. 
A-34697 
Figure 4.-  Photograph of t h e  P la th  marine sextant  a t tached t o  t h e  gimbal 
mounting with t h e  s h a f t  encoder a t tached t o  t h e  vern ier  s h a f t .  
16 
I 
A-34694 
Figure 5 . -  Photograph of t h e  simulated star and bl inking l i g h t  apparatus .  
17 
A-34695 
Figure 6.- Photograph of the shutter device attached to the face of the 
collimating mechanism. 
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(a) Photograph of waveforms 
Time scale = I sec c L r 
Time I I I I  of voltage application 
I I I 1 Period = .67 sec 
I I I 20% on time = .I3 sec 
I I I 
Response of light sensor 
I I  > at opening of shutter I I I 
(b) Diagram of waveforms 
Figure 7.- Waveforms displayed on a cathode r ay  tube of  t he  voltage 
appl ica t ion  t o  the  shu t t e r  solenoid and the  response of a l i g h t  sensor 
t o  the bl inking l i gh t ;  frequency = 1.5 cps,  on time = 20 percent.  
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Figure 8 .- Daily group mean standard deviation of measured angle f o r  Groups I 
and 11. 
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Figure 9. -  Group mean standard deviation of measured angle f o r  all10 conditions. 
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Figure 10.- The va r i a t ion  of t h e  group mean standard devia t ion  of measured 
angle  with t h e  experimental condi t ions.  
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Figure 11.- The group mean sighting time t o  complete sixteen measurements f o r  a l l  experimental 
conditions. 
[u 
W 
On- time 5% IO% 20% 5% IO% 20% 5OiO 10% 20% 
Frequency -1/2 cps- -I cps- -H/2  cps- 
I 
14 
13 
Steady 
l ight 
12[ I1 P Group mean sighting time,y, (16 measurements), 
m in  IO 
8 -  
< 
f 
9 -  
I 
i 
I 
i 
I 
P 
I 
P 
I 
4 
I 
4 
I 
P 
I 
E 
Exper i menta I condition 
Figure 12.-  The group mean time t o  perform 16 measurements for each of 
10 experimental condi t ions.  
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Figure 13.- The group mean measured angle by encoder readout a t  each of the 
10 experimental conditions.  
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